Summary. Intact and hypophysectomized rats were treated with graded doses of testosterone via subcutaneous Silastic implants over a 13-week period. Serum inhibin concentrations fell 50% (P < 0\m=.\001) after 2 weeks of hypophysectomy, remaining suppressed at this level for 13 weeks. The administration of testosterone to hypophysectomized rats (serum testosterone values 2\p=n-\12 ng/ml; control values 5\m=.\5 ng/ml) was without effect on serum inhibin values. In contrast, administration of testosterone to intact animals for 7 weeks resulted in an initial fall (P < 0\m=.\05) in inhibin levels to 50\p=n-\70%of controls then increasing to reach control levels at higher doses. Serum FSH concentrations were similarly biphasic with increasing dose of testosterone and values for these two hormones were significantly correlated (r = 0\m=.\44,P < 0\m=.\01).Segments of seminiferous tubules in culture from rats after various times of hypophysectomy showed a partly suppressed secretion of inhibin. The administration of testosterone did not modify inhibin production although inhibin production was sensitive to FSH.
Introduction
Inhibin is a heterodimetric protein of gonadal original which preferentially suppresses FSH synthesis and secretion (McLachlan et al, 1988b; Ying, 1988; de Jong, 1988) . Sertoli cells (Steinberger & Steinberger, 1976; Verhoeven & Franchimont, 1983 ; Ultee-van Gessel et al, 1986; Noguchi et al, 1987; Morris et al, 1988; Toebosch et al, 1988) or seminiferous tubules in culture (Gonzales et al, 1988) produce inhibin bio-and immunoactivity under basal conditions and its secretion is stimu¬ lated by FSH. Other factors (EGF, androstenedione; Morris et al, 1988 ) also affect inhibin secretion but their effects are limited. The effect of testosterone on inhibin secretion, with the excep¬ tion of one report (Verhoeven & Franchimont, 1983) , is either non-detectable or inhibitory at very high (10-5 M) doses (Le Gac & de Kretser, 1982 ; Ultee-van Gessel et al, 1986; Bicsak et al, 1987; Morris et al, 1988; Gonzales et al, 1988) . However, two in-vivo studies suggest that LH/hCG and therefore possibly testosterone may be involved in inhibin synthesis in vivo. Administration of hCG to adult male rats results in a dramatic 7-fold increase in serum inhibin (Drummond et al, 1989 values, presumably through the increased production of a Leydig cell product, i.e. testosterone. FSH also increased inhibin levels while the co-administration of LH and FSH led to even higher values (McLachlan et al, 1988a) . Studies to date, however, have not examined the in-vivo effects of testosterone on serum inhibin.
The aim of this study was to examine the effects of hypophysectomy on inhibin secretion and to determine the effects of administration of testosterone to intact and hypophysectomized rats on serum inhibin concentrations.
Materials and Methods
Adult (85-90-day) Sprague-Dawley rats were obtained from the Monash Central Animal House.
Hypophysectomy and testosterone treatment Animals, hypophysectomized using the parapharyngeal approach (Waynforth, 1980) , were kept at 27°C and allowed free access to water and 5% glucose/0-9% sodium chloride. Study 2. Groups of rats (4-10/group) were treated with testosterone by Silastic implants (0, 0-5, 1, 1-5, 2, 2-5, 3, 5, 6, 7, 8, 9, 10 cm) for 2 weeks following hypophysectomy.
Study 3. Groups of rats (4-7/group) were treated with testosterone by Silastic implants (0,3, 10 cm) for 13 weeks following hypophysectomy. Intact rats as controls (7 rats) were included.
Study 4. Groups of rats (7/group) were treated with testosterone by Silastic implants (0, 1-5,2,2-5, 3,4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16 cm) for 7 weeks.
Study 5. Groups of rats (7/group) were treated with testosterone by Silastic implants (0, 2, 3, 4, 6, 8, 10, 14 (1985) .
Seminiferous tubule cultures
Testes from rats (6/group) 0, 2, 4, 6 and 8 days and 2, 3, 4 and 5 weeks after hypophysectomy were placed in a Petri dish containing Dulbecco's phosphate buffer pH 7-4 (DPB, CSL, Melbourne, Australia), the seminiferous tubules were dissected free and 5-cm segments cultured as previously described (Gonzales et al, 1988) . The cultures were maintained for 4 days with a medium change on Day 2. In some experiments ovine FSH (500 ng/ml; NIADDK-S17, NIH, Bethesda, MD, USA), testosterone (100 ng/ml) or both were added to the culture medium. The media from Days 2 and 4 of culture were collected separately and stored frozen.
Assays
Serum inhibin and testicular inhibin content were determined by a heterologous radioimmunoassay as previously described ) using an antiserum raised to purified bovine inhibin of M,3\ 000 and bovine inhibin of Mr31 000 as tracer. A rat ovarian extract (ROVE-) calibrated in terms of an in-house and ¡n-vitro bioassay standard was used as standard . The relative potency of this ¡n-vitro bioassay stan¬ dard in the in-vitro bioassay (Scott et al, 1980) in terms of the WHO porcine inhibin reference preparation (86/690) is equivalent to 25-9 ± 0-80 units 86/690 per unit ROVE-standard . The between-and within-assay variations are 40% and < 10% respectively. Inhibin subunits obtained following reductive alkylation, TGFß and Müllerian inhibitory substance showed <0-5% cross-reaction in the assay.
Serum FSH and LH concentrations were determined by radioimmunoassay. The FSH radioimmunoassay utilized iodinated rat FSH (NIADDK rFSH-15) as tracer, rat FSH antiserum (NIADDK anti-rFSH-Sl 1) and rFSH-RP2 as standard. The within-and between-assay variations were 5-2% and 8-7% respectively. The sensitivity of the assay was 1 -9 ng/ml. Serum FSH concentrations from long-term hypophysectomized rats were < 1 -9 ng/ml. The LH radio¬ immunoassay utilized iodinated rat LH (NIADDK rLH-17) as tracer, rat LH antiserum (NIADDK anti-rLH S9) and rLH-RP2 as standard. The within-and between-assay variations were 6-9% and 9-7% respectively. The sensitivity of the assay was 016 ng/ml. Serum LH concentrations from long-term hypophysectomized rats were < 0-16 ng/ml.
Serum testosterone concentrations were determined by radioimmunoassay following an ether extraction procedure as previously described (Risbridger et al, 1981) . The within-and between-assay variations were 7-3% and 9-4% respectively. The sensitivity of the assay was 0-2 ng/ml.
Statistics
The results were analysed using a multiple comparison test (Peritz' test) for differences among group means (Harper, 1984) .
Results
Effect of testosterone on serum inhibin concentrations after hypophysectomy Following hypophysectomy, serum inhibin values had fallen significantly (P < 0001) to 50% by 2 weeks and remained partly suppressed for 2-5 weeks ( Fig. 1 ) and 13 weeks (P < 005, Fig. 2 ). Serum inhibin in hypophysectomized rats remained unchanged after the administration of testos¬ terone by Silastic implants (0-10 cm) for 2 or 13 weeks (Fig. 2) . The testicular content of inhibin was suppressed (P < 0001) for 1-5 weeks after hypophysectomy (Fig. 1) and these values remained unchanged after testosterone administration for 2 weeks (Fig. 2b) Regression analysis of serum inhibin vä serum FSH (Fig. 3) showed a significant correlation after 7 weeks (r = 0-44, < 005) and 13 weeks (r = 0-57, < 005). In-vitro production of inhibin by seminiferous tubule segments obtained from rats at various times after hypophysectomy Seminiferous tubules obtained from rats 2-35 days after hypophysectomy produced in 4-day cultures significantly (P < 005) less inhibin compared to intact controls (Fig. 4) . Testosterone administration had no effect while the addition of FSH (500 ng/ml) led to a significant increase in inhibin production at all stages except Day 4 after hypophysectomy. However, the magnitude of the response varied, decreasing to a nadir at Day 4 and increasing thereafter to reach a plateau between Days 14 and 35. The combined administration of FSH and testosterone (100 ng/ml) did not result in any further increase (Fig. 4) .
Discussion
The results of this study show that serum inhibin concentrations are not totally suppressed follow¬ ing hypophysectomy even after extended periods, suggesting that either hormones of non-pituitary origin are involved or that Sertoli cells are able to produce inhibin constitutively. The latter possibility is the more likely as it has been shown that Sertoli cells (Le Gac & de Kretser, 1982; Ultee-van Gessel et al, 1986 ) and seminiferous tubules (Gonzales et al, 1988) absence of serum or stimulants are able to produce sustaining levels of inhibin for 2-7 weeks. Although the serum inhibin concentrations were partly suppressed, the corresponding testicular content of inhibin showed a dramatic fall to reach levels 20-30% of normal. The basis for this differential decrease in testicular inhibin values is unclear although a change in the bidirectional release of inhibin from the testis (Maddocks & Sharpe, 1989) or a decrease in testicular inhibin stores with withdrawal of FSH are likely possibilities.
The in-vivo administration of testosterone to hypophysectomized rats over an extended period is without effect on serum inhibin concentrations, as previously reported for testicular bioactive inhibin values (Au et al, 1985) . The resulting testosterone concentrations, while supraphysiological at the higher doses as reflected by hypertrophy of the prostate (data not shown), are low intratesticularly (Sharpe et al, 1988) and it is possible that considerably higher levels of testosterone approaching those found intratesticularly are required to produce an effect. However, the in-vitro culture of segments of seminiferous tubules from hypophysectomized rats at testosterone concen¬ trations (100 ng/ml) similar to those found in rat interstitial fluid (Turner et al, 1984; Sharpe et al, 1988) does not modify inhibin production, in keeping with earlier findings with Sertoli cell (Bicsak et al, 1987; Toebosch et al, 1988; Morris et al, 1988) and seminiferous tubule (Gonzales et al, 1988) cultures. In contrast, the in-vivo administration of testosterone to intact animals results in a dose-related fall then rise (after 7 but not 13 weeks) of serum inhibin levels. A similar biphasic pattern is observed with serum FSH concentrations which are significantly positively correlated with the corresponding inhibin values. The rise in FSH levels at high testosterone concentrations has been previously reported (Rea et al, 1986 ) and attributed to the direct stimulatory effect of testosterone on the pituitary secretion of FSH. Regression analysis of serum inhibin and FSH at either 7 or 13 weeks results in similar slope and intercept values. The intercept value on the y (serum inhibin) axis (Fig. 3) is similar to that found after hypophysectomy (Figs 1 & 2) . If this inhibin value (~1 unit/ml) is taken as a 'non-stimulated' level, the positive correlation between serum FSH and inhibin concentrations would suggest that serum inhibin concentrations are partly (~50%) under FSH control and partly under local control mechanisms.
In conclusion, the partial maintenance of inhibin secretion both in vivo and by seminiferous tubules in vitro following hypophysectomy suggests that inhibin production is partly dependent on pituitary stimulation and partly on local testicular mechanisms. Testosterone administration is without effect on serum inhibin concentrations after hypophysectomy while, in the intact rat, the change in inhibin values is attributed to the parallel testosterone-induced changes in serum FSH concentrations.
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